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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical assist 
magnetic head and an optical assist magnetic disk 
device, wherein high-density recording is carried out, 
and light utilization efficiency and reliability are improved. 

SOLUTION: This optical assist magnetic head 1 includes 
a metal film 1 1 disposed on the rear end surface of a 
float slider 2, which has an opening 1 1a for integrating a 
magneto-resistance sensor 3 and a thin film magnetic 
transducer 4 and micronizing a proximity field light in the 
emission end 5c of an optical waveguide 5. By the 
micronized proximity field light, the headed part of a 
magnetic recording layer 6a is micronized. By this 
heating, recording is carried out only in a part having a 
coercive force reduced by magnetic fluxes leaked from magnetic poles 34a, 40a. High-density 
light assist magnetic recording is carried out, and signal reproduction is carried out by the 
magneto-resistance sensor 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The surfacing slider which carries out surfacing transit by rotation of the disk which has a 
record medium, The optical waveguide which is prepared in said surfacing slider and carries put 
outgoing radiation of the laser beam from semiconductor laser from an outgoing radiation edge, An 
approaching space light micrifying means to micrify the approaching space light formed in said 
outgoing radiation edge of said optical waveguide of said laser beam from said semiconductor laser, to 
carry out outgoing radiation to said record medium, and to heat said record medium, The optical 
assistant magnetic head characterized by having the thin film MAG transducer which records 
information on the part of said record medium which was formed in said surfacing slider and heated by 
said approaching space light micrifying means. 

[Claim 2] Said optical waveguide is the optical assistant magnetic head according to claim 1 
characterized by establishing the condensing means into the optical path. 
[Claim 3] Said optical waveguide is the optical assistant magnetic head according to claim 1 
characterized by being formed with a photograph nick crystal. 

[Claim 4] Said optical waveguide is the optical assistant magnetic head according to claim 1 
characterized by having the tabular core to which it shows said laser beam, and the metal membrane 
formed in one [ at least ] field of said core. 

[Claim 5] Said metal membrane is the optical assistant magnetic head according to claim 4 characterized 
by being the metal membrane of the pair formed in both sides of said core, and the metal membrane of 
said pair having an unsymmetrical configuration. 

[Claim 6] Said metal membrane is the optical assistant magnetic head according to claim 4 characterized 

by forming with the metal which has high conductivity, such as Ag and aluminum. 

[Claim 7] Said metal membrane is the optical assistant magnetic head according to claim 4 characterized 

by constituting a part of magnetic circuit of said thin film MAG transducer. 

[Claim 8] Said optical waveguide is the optical assistant magnetic head according to claim 1 

characterized by having the mirror which has the flection crooked at the predetermined include angle, is 

prepared in said flection, reflects an incidence laser beam, and carries out outgoing radiation from said 

outgoing radiation edge. 

[Claim 9] Said mirror is the optical assistant magnetic head according to claim 8 characterized by having 
a condensing property. 

[Claim 10] Said approaching space means forming is the optical assistant magnetic head according to 
claim 1 characterized by having minute opening formed by the metal membrane or the semi-conductor 
film, or opening of a doughnut mold. 

[Claim 11] Said minute opening or said doughnut type of opening is the optical assistant magnetic head 
according to claim 10 characterized by filling up with the dielectric. 

[Claim 12] Said minute opening or said doughnut type of opening is the optical assistant magnetic head 
according to claim 10 characterized by being formed in the shape of a rectangle. 

[Claim 13] Said dielectric is the optical assistant magnetic head according to claim 1 1 characterized by 
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consisting of dielectrics which form the core or clad of said optical waveguide. 

[Claim 14] Said approaching space means forming is the optical assistant magnetic head according to 
claim 1 characterized by having one piece or two or more minute pieces which were formed by the 
metal membrane or the semi-conductor film. 

[Claim 15] Said minute piece is the optical assistant magnetic head according to claim 14 characterized 
by being formed in the front face of said outgoing radiation edge of said optical waveguide. 
[Claim 16] Said minute piece is the optical assistant magnetic head according to claim 14 characterized 
by being embedded at said outgoing radiation edge of said optical waveguide. 

[Claim 17] Said minute piece is the optical assistant magnetic head according to claim 14 characterized 
by being formed in the shape of a rectangle. 

[Claim 18] The gap which said minute piece is formed from two minute pieces arranged by 
approaching, and said two minute pieces form is the optical assistant magnetic head according to claim 
14 characterized by being formed so that a direction perpendicular to the gap may become parallel to the 
recording track of said record medium. 

[Claim 19] The gap which said minute piece is formed from two minute pieces arranged by 
approaching, and said two minute pieces form is the optical assistant magnetic head according to claim 
14 characterized by being formed so that a direction perpendicular to the gap may become perpendicular 
to the recording track of the record medium of said disk. 

[Claim 20] Said two minute pieces arranged by approaching are the optical assistant magnetic head 
according to claim 1 8 characterized by being formed in the shape of [ which makes the gap section top- 
most vertices, respectively ] about 3 square shapes. 

[Claim 21] The surfacing slider which carries out surfacing transit by rotation of the disk which has a 
record medium, The optical waveguide which is prepared in said surfacing slider, carries out outgoing 
radiation of the laser beam from semiconductor laser to said record medium from an outgoing radiation 
edge, and heats said record medium, It is prepared in said surfacing slider and has the thin film MAG 
transducer which records information on the part of said record medium heated by said laser beam by 
the field formed in the magnetic gap. Said magnetic gap is the optical assistant magnetic head 
characterized by being formed in the laser beam outgoing radiation location of said outgoing radiation 
edge of said optical waveguide, or its near. 

[Claim 22] Said magnetic gap is the optical assistant magnetic head according to claim 21 characterized 
by serving as the gap for approaching space light generating. 

[Claim 23] Said magnetic gap is the optical assistant magnetic head according to claim 21 characterized 
by being formed in the direction which crosses the recording track of said record medium. 
[Claim 24] Said magnetic gap is the optical assistant magnetic head according to claim 21 characterized 
by being formed in the direction parallel to the recording track of said record medium. 
[Claim 25] Said optical waveguide is the optical assistant magnetic head according to claim 21 
characterized by carrying out sequential formation of said thin film MAG transducer and the magnetic- 
reluctance sensor which detects the record signal of said record medium on it. 
[Claim 26] Said optical waveguide is the optical assistant magnetic head according to claim 21 
characterized by carrying out sequential formation of said magnetic-reluctance sensor and said thin film 
MAG transducer on it. 

[Claim 27] It is the optical assistant magnetic head according to claim 21 characterized by having the 
mirror which said semiconductor laser is prepared in said surfacing slider so that outgoing radiation of 
the laser beam may be carried out in parallel with said record medium, said optical waveguide makes 
reflect said laser beam from said semiconductor laser, and carries out outgoing radiation from said 
outgoing radiation edge. 

[Claim 28] Said semiconductor laser is prepared in said surfacing slider so that outgoing radiation of the 
laser beam may be carried out in parallel with said record medium. Said optical waveguide The light 
guide line to which it shows said laser beam from said semiconductor laser, and the optical waveguide 
prepared so that said light guide line might be intersected, The optical assistant magnetic head according 
to claim 21 characterized by having the mirror which is prepared in the intersection of said light guide 
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line and said optical waveguide, reflects said laser beam guided by said light guide line, and carries out 
outgoing radiation from said outgoing radiation edge. 

[Claim 29] Said light guide line is the optical assistant magnetic head according to claim 28 
characterized by being an optical fiber. 

[Claim 30] Said semiconductor laser is the optical assistant magnetic head according to claim 21 
characterized by offering the minute metal body which has minute opening on an outgoing radiation 
side. 

[Claim 31] The magnetic pole point which forms said magnetic gap is the optical assistant magnetic 
head according to claim 21 characterized by micrifying the approaching space light formed in said 
outgoing radiation edge of said optical waveguide of said laser beam from said semiconductor laser. 
[Claim 32] In the optical assistant magnetic disk drive which scans the optical assistant magnetic head 
by the swing arm to the disk which has a record medium and rotates, and records information The 
surfacing slider in which said optical assistant magnetic head carries out surfacing transit by rotation of 
said disk, The optical waveguide which is prepared in said surfacing slider and carries out outgoing 
radiation of the laser beam from semiconductor laser from an outgoing radiation edge, An approaching 
space light micrifying means to micrify the approaching space light formed in said outgoing radiation 
edge of said optical waveguide of said laser beam from said semiconductor laser, to carry out outgoing 
radiation to said record medium, and to heat said record medium, The optical assistant magnetic disk 
drive characterized by having the thin film MAG transducer which records information on the part of 
said record medium which was formed in said surfacing slider and heated by said approaching space 
light micrifying means. 

[Claim 33] It is the optical assistant magnetic disk drive according to claim 32 which semiconductor 
laser is prepared on the suspenders which connect said swing arm or said surfacing slider to said swing 
arm, and is characterized by said semiconductor laser being optically connected with said optical 
waveguide by the optical fiber. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] .... 
[Field of the Invention] About the optical assistant magnetic head and a magnetic disk dnve, high 
density record is possible for especially this invention, and it relates to the optical assistant magnetic 
head and the magnetic disk drive which raised efficiency for light utilization and dependability. 

[0002] " . 

[Description of the Prior Art] In recent years, the recording density of a hard magnetic recording 
medium (HDD) is increasing at an annual rate of 100%, and has come to exceed 60Gbpsi in the 
experimental stage. However, from the difficulty of the constriction of the superparamagnetism 
effectiveness and the gap width of face of the magnetic head, the limitation of the recording density of 
HDD of a conventional type is in sight soon, and 100 - 300Gbpsi is called limitation. Moreover, optical 
assistant magnetic recording is expected as a thing exceeding the limitation. 
[0003] Here, especially the superparamagnetism effectiveness is the phenomenon in which 
magnetization of an object magnetic domain is disturbed by the field which a contiguity magnetic 
domain forms, and recording information is lost. Although it is one means to use the big magnetic 
medium of magnetization in order to prevent this, it becomes impossible to record in the usual magnetic 
head. Optical assistant magnetic recording is proposed as a means to solve it. This is the approach of 
recording in the place which heated the record medium to near Curie temperature by the exposure of a 
laser beam, and lowered the magnetization. 

[0004] In this optical assistant magnetic recording, since it becomes recordable [ width of face narrower 
than the width of face of a magnetic gap ] by making the diameter of a spot of a laser beam small since 
only the place heated by the laser beam is recorded, it is suitable for a raise in recording density. In order 
to attain the recording density of 100 or more Gbpsis, it is necessary to set the width of recording track 
to 0.1 micrometers or less. In order to obtain the optical spot of this size, use of approaching space light 
becomes indispensable. As conventional optical assistant magnetic recording and reproducing head 
using this approach, what accumulated optical waveguide on the magnetic head is known (Tech- 
Dig.Optical Datastorage 2000, PD-23 (2000)). 

[0005] Drawing II shows the conventional optical magnetic head. This optical assistant magnetic head 
1 aims at densification to back end side 2a of the surfacing slider 2 by carrying out the laminating of the 
thin film MAG transducer 4 to order, forming an optical waveguide lens into optical waveguide 5, and 
making detailed the optical spot in waveguide outgoing radiation edge 5c, optical waveguide 5, and the 
magnetic-reluctance sensor 3, i.e., the GMR (Giant-magnetoresistive) sensor, which used the magneto- 
resistive effect for playback. By this method, after heating magnetic-recording layer 6a formed on 
substrate 6b of a magnetic disk 6 of approaching space light 7a by which outgoing radiation is carried 
out from outgoing radiation edge 5c of optical waveguide 5, it records by the leakage field of the thin 
film MAG transducer 4. In addition, 2b is an air bearing side and carries out surfacing transit of the 
magnetic-recording layer 6a top. 
[0006] 
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[Problem(s) to be Solved by the Invention] However, since it is the configuration which has arranged the 
GMR sensor 3 between optical waveguide 5 and the thin film MAG transducer 4 according to the 
conventional optical assistant magnetic head Since the location of the magnetic gap of outgoing 
radiation edge 5c of optical waveguide 5 and the thin film MAG transducer 4 is separated, After heating 
magnetic-recording layer 6a of a magnetic disk by approaching space light 7a by which outgoing 
radiation is carried out from outgoing radiation edge 5c of optical waveguide 5, Since it is considerably 
behind and records by the field of the magnetic gap section of the thin film MAG transducer 4, a heating 
unit gets cold by thermal diffusion in the meantime, and there is a problem that the use effectiveness of a 
laser beam worsens. 

[0007] Moreover, since a heat gradient also becomes gently-sloping, there is a problem of breadth or a 
cone in the Records Department. Furthermore, the GMR sensor 3 tends to be heated by the laser beam, 
the sensibility of the GMR sensor 3 is influenced of heat fluctuation, and there is a problem that 
instability or the GMR sensor 3 comparatively weak with heat deteriorates [ a playback output ]. 
[0008] Moreover, although this optical assistant magnetic head is condensing the ****** (solid 
immersion) mold with the lens in optical waveguide, it can form an optical spot only with the small part 
of the refractive index of a core by this condensing approach. However, it is about [ of the diameter of 
an optical spot in atmospheric air ] 1/2 at most, even if it uses blue laser (wavelength of 405nm), about 
0.2 micrometers is a limitation, and there is a limitation in recording on high density. 
[0009] Moreover, in this optical assistant magnetic head, it is not proposed how a laser beam is 
introduced into optical waveguide. Usually, the coupling effectiveness of laser and optical waveguide 
has the problem that the whole volume recording density falls, when it is bad, and the height of a head 
becomes high while a special device is needed since an optical element with big size is needed for 
raising it. By un-commutative disk like HDD, volume recording density is an important scale and it 
becomes fatal that this falls. 

[0010] Therefore, high density record is possible for the purpose of this invention, and it is to offer the 
optical assistant magnetic head and the optical assistant magnetic disk drive which raised efficiency for 
light utilization and dependability. 
[0011] 

[Means for Solving the Problem] The surfacing slider which carries out surfacing transit by rotation of 
the disk which has a record medium in order that this invention may attain the above-mentioned 
purpose, The optical waveguide which is prepared in said surfacing slider and carries out outgoing 
radiation of the laser beam from semiconductor laser from an outgoing radiation edge, An approaching 
space light micrifying means to micrify the approaching space light formed in said outgoing radiation 
edge of said optical waveguide of said laser beam from said semiconductor laser, to carry out outgoing 
radiation to said record medium, and to heat said record medium, It is prepared in said surfacing slider 
and the optical assistant magnetic head characterized by having the thin film MAG transducer which 
records information on the part of said record medium heated by said approaching space light micrifying 
means is offered. By this configuration, by forming an approaching space light micrifying means in the 
outgoing radiation edge of optical waveguide, approaching space light can be micrified and the heating 
field of a record medium becomes small. Since outgoing radiation of the approaching space light is 
efficiently carried out from the outgoing radiation edge of optical waveguide, it is recordable by low 
laser beam reinforcement. 

[0012] The surfacing slider which carries out surfacing transit by rotation of the disk which has a record 
medium in order that this invention may attain the above-mentioned purpose, The optical waveguide 
which is prepared in said surfacing slider, carries out outgoing radiation of the laser beam from 
semiconductor laser to said record medium from an outgoing radiation edge, and heats said record 
medium, It is prepared in said surfacing slider and has the thin film MAG transducer which records 
information on the part of said record medium heated by said laser beam by the field formed in the 
magnetic gap. Said magnetic gap offers the optical assistant magnetic head characterized by being 
formed in the laser beam outgoing radiation location of said outgoing radiation edge of said optical 
waveguide, or its near. By this configuration, the distance of the location of approaching space light and 
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the field formed of a thin film MAG transducer serves as the shortest. Therefore, since it will be 
recorded on coincidence or immediately after if heated by approaching space light, the effect of thermal 
diffusion can be disregarded and can raise the use effectiveness of a laser beam. Moreover, since a 
heating unit does not spread by thermal diffusion, a record part can be narrowed and densification 
becomes possible. Furthermore, since heating of a magnetic-reluctance sensor can be reduced, the 
sensibility of a magnetic-reluctance sensor is not influenced of heat, but an SN ratio is high at high- 
reliability, and a super-life becomes possible. 

[0013] In the optical assistant magnetic disk drive which this invention scans the optical assistant 
magnetic head by the swing arm to the disk which has a record medium and rotates in order to attain 
said purpose, and records information The surfacing slider in which said optical assistant magnetic head 
carries out surfacing transit by rotation of said disk, The optical waveguide which is prepared in said 
surfacing slider and carries out outgoing radiation of the laser beam from semiconductor laser from an 
outgoing radiation edge, An approaching space light micrifying means to micrify the approaching space 
light formed in said outgoing radiation edge of said optical waveguide of said laser beam from said 
semiconductor laser, to carry out outgoing radiation to said record medium, and to heat said record 
medium, It is prepared in said surfacing slider and the optical assistant magnetic disk drive characterized 
by having the thin film MAG transducer which records information on the part of said record medium 
heated by said approaching space light micrifying means is offered. By this configuration, small, a light 
weight, and the optical assistant magnetic head that can form a minute light spot can be used, and the 
optical'assistant magnetic disk drive of high density can be offered. 
[0014] 

[Embodiment of the Invention] Drawing 1 (a) - (d) shows the optical assistant magnetic head concerning 
the gestalt of operation of the 1st of this invention. The side elevation and this drawing (d) which looked 
at the sectional view of an optical assistant magnetic-head longitudinal direction [ in / drawing / this / 
(a) / in a front view and this drawing (b) / the A section ] and this drawing (c) from [ in this drawing (a) ] 
arrow-head R are a bottom view. 

[0015] As shown in this drawing (a), this optical assistant magnetic head 1 accumulates optical 
waveguide 5, the magnetic-reluctance sensor 3, and the thin film MAG transducer 4 on back end side 2a 
of the surfacing slider 2, and as shown in this drawing (b), it arranges the metal membrane 1 1 in which 
opening 1 la of the rectangle which micrifies the size of the approaching space light formed in outgoing 
radiation edge 5c of optical waveguide 5 was formed. With air bearing side 2b which has crevice 2c of 
the surfacing slider 2, this optical assistant magnetic head 1 carries out surfacing transit of the magnetic- 
recording layer 6a top formed on substrate 6b of a magnetic disk 6, and records and reproduces 
information to magnetic-recording layer 6a. in addition, this specification — it is, and in the longitudinal 
direction of the surfacing slider 2, the direction near the surfacing slider 2 is made into the bottom, and 
the distant one is made into a top. 

[0016] As the usual GMR (Giant-magnetoresistive) is used for the magnetic-reluctance sensor 3 here 
and it shows it in this drawing (b) The electrodes 31a and 31b (however, it sets to this drawing (b) 
electrode 31a) of a Uichi Hidari pair connected to the spin bulb film 30 and the spin bulb film 30 visible, 
since it is in electrode 31b and a symmetric position — **** — with the insulator layers 32a and 32b 
formed in the both sides of the spin bulb film 30 and Electrodes 31a and 31b It has the lower magnetic- 
shielding film 33 and the up magnetic-shielding film 34 which were formed so that insulator layers 32a 
and 32b might be inserted, and the reinforcement of the field from the spin bulb film 30 and magnetic- 
recording layer 6a which **** is detected as resistance change of the spin bulb film 30. In addition, the 
up magnetic-shielding film 34 serves as lower York of the thin film MAG transducer 4. 
[0017] The thin film MAG transducer 4 is equipped with up York 40 which consists of up magnetic pole 
40a, York section 40b, and up York joint 40c as shown in this drawing (b). By joining lower York joint 
34b and up York joint 40c The magnetic circuit 41 which consists of up magnetic-shielding film 34 and 
up York 40 is constituted, and a magnetic gap 43 is formed for the thin film coil 42 between winding 
and lower magnetic pole 34a and up magnetic pole 40a so that it may **** with a magnetic circuit 41. 
In addition, in this drawing (b) and (d), 45a and 45b are insulator layers. 
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[0018] Drawer section 42a and pad 42b are formed, respectively, a field 44 occurs in a magnetic gap 43 
in proportion to the current which flows in the thin film coil 42 supplied from pad 42b, and the both 
ends of the thin film coil 42 record on magnetic-recording layer 6a by the field 44, as shown in this 
drawing (c). In addition, in using the ferrimagnetic substance which consists of transition metals and a 
rare earth metal as a record medium, in order to be able to read with heating, to be able to raise the 
reinforcement of magnetization and to use the effectiveness of heating by exposure in that case at the 
time of playback, the magnetic-reluctance sensor 3 is good to form in the backside [ the optical assistant 
magnetic head 1 ]. Since the signal only from the part in which record layer 6a was heated is 
reproducible with it, it not only can raise record sensibility, but it can lower the cross talk from the 
adjoining truck at the time of playback. 

TOO 191 (e) shows the detail of optical waveguide 5 from drawing 2 (a). Optical waveguide 5 consists of a 
dielectric film 50 which consists of SiN, and metal thin films 51a and 51b which consist of Ag by which 
the dielectric film 50 has been arranged up and down. 

[0020] The dielectric film 50 of optical waveguide 5 shown in drawing 2 (a) is formed m parallel by 
several micron width of face from incidence edge 5a, tapers off from the part equivalent to a magnetic 
gap 43 has taper section 5b of a configuration, and the metal thin films 51a and 51b also present the 
same configuration as a dielectric film 50, and it has 30nm width of face at the tip. The thickness of a 
dielectric film 50 and the metal thin films 51a and 51b is 50nm and 30nm, respectively. Moreover, it is 
good even if unsymmetrical in the configuration of the up-and-down metal thin films 51a and 51b. Since 
it has the maximum reinforcement focusing on optical waveguide, excitation of mode (HE1 1 mode) 7b 
of a cut-off can be suppressed by this and width of face of the metal thin films 51a and 51b of taper 
section 5b is further made narrower than the width of face of magnetic poles 34a and 40a, the heating 
field of magnetic-recording layer 6a by optical waveguide 5 can be made narrower than the width of 

face of a magnetic gap 43. . , . . 

[0021] Although conductive high things, such as aluminum besides Ag, have high plasmon excitation 
efficiency and are desirable here as the quality of the material of the metal thin films 51a and 51b, it is 
not limited to them and magnetic pole ingredients, such as a permalloy, are also possible. In addition, in 
this case, it is only a metal membrane for magnetic circuits, and the metal membrane for optical 
waveguides is made unnecessarily. However, it is necessary to extract the diameter of an optical spot in 
an outgoing radiation edge by forming a ****** type lens in optical waveguide in this case. Moreover, 
magnitude of approaching space light can be made still smaller by preparing the gap formed with 
opening and a slit smaller than the size of approaching space light, metal scatterer, and two or more 

metal scatterers. . . 

[0022] By this configuration, the laser beam which earned out incidence from incidence edge 5a ot 
optical waveguide 5 spreads the inside of optical waveguide 5, it is condensed by taper section 5b, and 
outgoing radiation of the approaching space light 7a is carried out from outgoing radiation edge 5c. 
Under the present circumstances, within optical waveguide 5, as shown in drawing 2 (b), in the 
boundary section of the metal thin films 51a and 51b and a dielectric film 50, surface plasmon mode 
(HE mode) 7b which has the maximum reinforcement in an interface is excited. This mode is the mode 
which does not have a cut-off to the cross-section size of optical waveguide 5, and even if it narrows the 
width of face and thickness of optical waveguide 5 below on wavelength, it can spread the inside of 
optical waveguide 5 efficiently. „ . , 

[0023] In addition, optical waveguide 5 becomes possible [ forming a minute spot efficiently ] in 
outgoing radiation edge 5c by forming with a photograph nick crystal. 
[0024] The optical waveguide 5 shown in drawing 2 (c) forms metal thin film 51b for optical 
waveguides only in one side of a dielectric film 50. In this case, approaching space light 7a can be made 
to approach by the magnetic gap 43. Moreover, as for approaching space light 7a, it is desirable to 
become the maximum reinforcement by the metal thin film 51b side. 

[0025] The optical waveguide 5 shown in drawing 2 (d) bends the laser beam which makes a dielectric 
film 50 the shape of L character, forms the flat-surface mirror 53 in a corner, and carries out incidence 
from incidence edge 5a 90 degrees by the flat-surface mirror 53. The laser beam incidence from head 1 
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side face becomes possible by this, and the height of a head 1 can be made that much small. 

[0026] The optical waveguide 5 shown in drawing 2 (e) carries out covering formation of the aspheric 

surface mirror 54 which has condensing nature instead of the flat-surface mirror 53 shown in drawing 2 

(d). Collimated beam 7c from the semiconductor laser which is not illustrated is reflected by the 

aspheric surface mirror 54, and approaching space light 7a is outputted from a condensing point. 

Thereby, it can condense without taper section 5b, and it becomes possible to gather efficiency for light 

utilization. 

[0027] However, the diameter of a spot in outgoing radiation edge 5c formed by the above-mentioned 
method is about [ of wavelength ] 1/2 at most, and in order to extract to less than [ it ], it needs to 
prepare the opening metallurgy group scatterer of a minute opening and doughnut mold formed with the 
metal protection-from-light object in the output location of approaching space light. 
[0028] (e) shows the example which has arranged the minute metal body which has minute opening and 
a slit, metal scatterer, and two or more metal scatterers to outgoing radiation edge 5c of optical 
waveguide 5 from drawing 3 (a). 

[0029] Drawing 3 (a) shows the metal membrane 1 1 in which rectangular opening 1 la was formed. A 
metal membrane 1 1 can micrify the magnitude of approaching space light by arranging to outgoing 
radiation edge 5c of optical waveguide 5. In this case, since outgoing radiation light can be increased by 
carrying out incidence of the laser beam so that the polarization direction 12 of a laser beam may 
become parallel to a rectangular shorter side and the magnitude of outgoing radiation light can be 
narrowed sharply, outgoing radiation effectiveness is raised and increase of recording density is attained. 

[0030] Drawing 3 (b) allots piece of metal 1 lb to outgoing radiation edge 5c. Even if it is such a piece of 
a metal, approaching space light can be formed. 

[0031] Drawing 3 (c) makes the raised bottom of the metal membranes 11c and 1 lc of trapezoidal shape 
counter, and is allotted. Since the phase of the plasmon excited by each metal membrane 11c and 1 lc by 
allotting the polarization direction 12 of the convergence light which irradiates these metal membranes 
1 lc and 11c of two sheets so that the metal membranes 11c and 1 lc of two sheets may be crossed 
becomes reverse and both work as a dipole antenna, the generating effectiveness of approaching space 
can be raised further. 

[0032] Although drawing 3 (d) shifts arrangement of the metal membrane of drawing 3 (c) 90 degrees, it 
does so the same effectiveness as drawing 3 (c). 

[0033] Drawing 3 (e) faces in the tips of a major axis, and puts in order the metal membranes lie and 
1 le of the ellipse form where a minor axis drops to 1/3 of a major axis. Also as for the thing of the metal 
membrane of the ellipse form which drops to 1/3 of a major axis, a minor axis can raise the effectiveness 
of plasmon excitation further, and can narrow the width of face of the plasmon to generate further. 
[0034] According to the optical assistant magnetic head of the gestalt of this 1st operation, by 
approaching space light narrower than the width of face of a magnetic gap 43, heating of the minute part 
of magnetic-recording layer 6a is attained, only the part to which coercive force fell with that heating 
can be recorded by the leakage field 44 from magnetic poles 34a and 40a, the optical assistant magnetic 
recording of high density of it becomes possible, and the signal regeneration by the magnetic-reluctance 
sensor 3 becomes possible. Moreover, since it can record also on the high magnetic-recording film of 
coercive force as general features of optical assistant magnetic recording and the effect of the 
demagnetization by the superparamagnetism effectiveness is reduced, the suitable head for the magnetic 
recording of high density can be offered. Furthermore, an approaching space light micrifying means can 
be arranged to outgoing radiation edge 5c of optical waveguide 5, the magnitude of outgoing radiation 
light can be micrified, outgoing radiation effectiveness is raised, and increase of recording density is 
attained. 

[0035] Drawing 4 is drawing showing the optical assistant magnetic head concerning the gestalt of the 
2nd operation. In the gestalt of the 1 st operation, this optical magnetic head 1 arranges the 
semiconductor laser which is not illustrated on the surfacing slider 2, and the combination of an optical 
fiber 9 and the aspheric surface mirror 8 set to condensing field 8a from the glass which carried out 
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covering formation of the reflective film 8b is used for it as a photoconductive close system to optical 
waveguide 5. That is, if collimated beam 7c from the semiconductor laser which is not illustrated to core 
9a of an optical fiber 9 carries out incidence, 7d of output light of an optical fiber 9 will be condensed to 
incidence edge 5a of optical waveguide 5 by condensing field 8a of the aspheric surface mirror 8. 
Thereby, when the optical fiber 9 of a single mode is used, also including clad 9b, a diameter is 100 
micrometers, can also process the aspheric surface mirror 8 into size comparable as it, and can be held 
down to the height of 3 premium extent to height of about 300 micrometers of the surfacing slider 2 by 
it. In addition, the approaching space light micrifying means is omitted. 

[0036] Moreover, the semiconductor laser (not shown) which is the light source for carrying out 
incidence of the laser beam to an optical fiber 9 is arranged on the surfacing slider 2. Laser beam 
incidence becomes possible from the side face of the optical assistant magnetic head 1 by this, and size 
of the optical assistant magnetic head 1 can be made small. In addition, semiconductor laser may be 
attached on the swing arm for scanning in support of the optical assistant magnetic head 1, or a 
suspension. The effect which it has on the magnetic-reluctance sensor 3 grade of generation of heat of 
semiconductor laser can be avoided by this, and high-reliability can be maintained, and weight of a head 
can be made light, and rapid scanning becomes possible. 

[0037] Drawing 5^ shows the optical assistant magnetic head concerning the gestalt of operation of the 
3rd of this invention. This drawing (a) is drawing showing [ a front view and / this ] the outgoing 
radiation side of semiconductor laser (b). This optical assistant magnetic head 1 links semiconductor 
laser 10 with incidence edge 5a of optical waveguide 5 directly in the configuration shown in drawing 2 
(d). Although the size of barrier layer 10a of semiconductor laser 10 is about 2x0.1 micrometers, the size 
of the oscillation mode in the semiconductor laser 10 interior has spread with diameter extent of 2-3 
micrometer. On the other hand, since the size of optical waveguide 5 is 3x0.1 1 micrometers, it arranges 
the metal membrane 1 1 which has opening 1 la in the output location of semiconductor laser 10 so that it 
may be matched. By adjusting the location of a metal membrane 1 1 so that the phase of the reflected 
light to the semiconductor laser 10 interior and the oscillation mode inside laser may become in phase 
by the metal membrane 1 1, by not doing loss to semiconductor laser 10, and arranging the size of 
opening 10a with the size (3x0.1 1 micrometers) of optical waveguide 5, opening 11a suppresses optical 
loss to the minimum, and becomes possible [ carrying out incidence of the laser beam into optical 
waveguide 5 ]. The metal membrane 1 1 which formed minute opening 1 la in outgoing radiation edge 5c 
is arranged. Thus, with constituting, size of the laser beam outputted can be made still smaller, and it is 
high-density and it becomes possible to record on a record medium. 

[0038] According to the optical assistant magnetic head concerning the gestalt of operation of the 3rd of 
this invention, by narrow approaching space light, heating of the minute part of magnetic-recording 
layer 6a is attained, only the part to which anti-**** fell by the overheating can be recorded by the 
leakage field near an up magnetic pole, and the optical assistant magnetic recording of high density of it 
becomes possible from the width of face of a magnetic gap. Moreover, since it can record also on the 
high magnetic-recording film of coercive force as a general description of optical assistant magnetic 
recording and the effect of the demagnetization by the superparamagnetism effectiveness can be 
decreased, the optical assistant magnetic head suitable for the magnetic recording of high density can be 
offered. 

[0039] Drawing 6 shows the optical assistant magnetic head concerning the gestalt of operation of the 
4th of this invention, this drawing (a) is a front view and this drawing (b) is important section detail 
drawing. This optical assistant magnetic head 1 links semiconductor laser 10 with plane-of-incidence 8c 
of the aspheric surface mirror 8 directly in the configuration shown in drawing 4 . It is reflected by the 
aspheric surface mirror 8, and the laser beam by which outgoing radiation was carried out from barrier 
layer 10a of semiconductor laser 10 is led to optical waveguide 5. Sequential formation of the thin film 
MAG transducer 4 and the magnetic-reluctance sensor 3 is carried out on optical waveguide 5. 
Moreover, the metal membrane 1 1 which formed minute opening 1 la in outgoing radiation edge 5c of 
optical waveguide 5 is arranged. Thus, with constituting, size of the laser beam outputted can be made 
still smaller, and it is high-density and it becomes possible to record on a record medium. Moreover, it is 
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easy in manufacture and a miniaturization can be attained. 

[0040] Drawing 7 shows the optical assistant magnetic head concerning the gestalt of operation of the 
5th of this invention, and the end view by the side of a laser beam output screen and this drawing (c) of 
the sectional view and this drawing (b) showing [ this ] the principal part of the optical assistant 
magnetic head (a) are plans. This optical assistant magnetic head 1 has optical waveguide 5 and the thin 
film MAG transducer 4 accumulated on the front face of optical waveguide 5. 

[0041] Optical waveguide 5 consists of the Si02 cladding layer 80 formed on the substrate 60, the SiN 
core layer 81 formed on the Si02 cladding layer 80, Si02 cladding layer 82 formed so that the SiN core 
layer 81 might be covered, and a Si02 flattening embedding layer 86 formed on it with the gestalt of 
this operation, for example. 

[0042] The magnetic circuit 41 which the thin film MAG transducer 4 consists of a core 24 which 
consists of soft magnetic materials, such as a permalloy, York 27, and the magnetic pole section 83, and 
has a magnetic gap 43 at the outgoing radiation edge of optical waveguide 5, The coil 25 (25a, 25b) 
wound around the core 24 of a magnetic circuit 41, It consists of pads 29 prepared at the tip of the lead 
wire 28 of the pair which extends from Coils 25a and 25b, respectively, and the lead wire 28 of a pair, 
respectively, and has the coil section 21 which consists of a Cu thin film arranged on the top face of 
optical waveguide 5. In addition, the gap section 85 consists of a magnetic gap 43 and a magnetic pole 
point 84 of a pair. 

[0043] Next, an example of the manufacture approach of the optical assistant magnetic head 1 is 
explained. The insulator layer 87 which consists of Si02 grade after forming optical waveguide 5 on a 
substrate 60 performs flattening, and the thin film MAG transducer 4 is formed after that. That is, lower 
coil 25a which consists of a Cu thin film according to the usual thin film process is formed with 
sputtering and lithography, an insulator layer 23 performs flattening embedding further, and the core 24, 
up coil 25b, and York 27 which consist of a Cu thin film are embedded and formed in an insulator layer 
26. Thus, the coil section 21 is completed. Then, the magnetic pole section 83 and a magnetic gap 43 are 
formed with sputtering and lithography on a waveguide outgoing radiation edge, and the optical 
assistant magnetic head 1 of the gestalt of this operation is completed. The magnetic pole section 83 is 
produced so that it may embed at an insulator layer and both front face may turn into the same flat 
surface. 

[0044] Next, actuation of the gestalt of this 5th operation is explained. Since it is possible at the time of 
record to impress laser beam 10b and a field to the same location of a magnetic-recording medium (not 
shown), the temperature up of the Records Department of a magnetic-recording medium is carried out 
by the exposure of a laser beam, the coercive force of the part is lowered, and the so-called optical 
assistant magnetic recording which records by the modulation field is performed. With the gestalt of this 
operation, especially the size of laser beam 10b is not restricted. By the exposure of laser beam 10b, a 
record section comparable as the size of laser beam 10b is heated, and record is made by the field 
generated from the magnetic pole point 84 located in the heating field. The size of the record section 
serves as the die length (henceforth "gap width of face") of the magnetic pole point 84, and die-length 
(henceforth "gap length") extent of a magnetic gap 43. At the time of playback, when a magnetic gap 43 
passes through the leakage field top from a magnetic-recording medium, the information recorded on the 
record medium is reproduced by changing into a current change of magnetic flux which carries out 
incidence to the magnetic pole section 83 with a coil 25. 

[0045] Since it is the configuration which was mentioned above and which has arranged the gap section 
85 of the thin film MAG transducer 4 to optical waveguide 5 according to the gestalt of the 5th 
operation, a very small optical magnetic cell can be offered. Moreover, since the heating temperature up 
of the magnetic-recording medium is carried out by approaching space light and it is recorded, it can 
record also by the high medium of coercive force at a room temperature, and the stability of record can 
be increased. Moreover, since approaching space light can be irradiated at a record mark also at the time 
of playback, in a room temperature, magnetization is weak and it is also possible to use film, such as 
TeFeCo which magnetization increases according to a temperature up, and to increase playback 
sensibility according to a temperature up. In that case, semiconductor laser may be turned on 
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continuously and the light may be switched on in pulse synchronizing with a record mark location. Since 
the synchronization is unnecessary, a lighting circuit can be simplified, in the case of the latter, in the 
case of the former, the energy efficiency of a laser beam can be gathered, and heating of the outgoing 
radiation section can be prevented. Moreover, since width of face of the magnetic pole section 83 can be 
made large while being able to shorten the distance from a coil 25 to a magnetic gap 43 less than [ about 
10 micrometers or it ], magnetic reluctance can be lowered. Moreover, since the coil 25 is wound around 
the core 24 in the shape of a cylinder and coil length can be shortened compared with the case where it 
winds disc-like, electric resistance can be reduced. Therefore, it becomes recordable [ high-speed and 

high density ] by these. - , . 

[0046] Drawing_8 shows the outgoing radiation edge of the optical waveguide ot the optical assistant 
magnetic head concerning the gestalt of operation of the 6th of this invention. Although this optical 
assistant magnetic head 1 can form in the outgoing radiation edge of optical waveguide the protection- 
from-light object 22 which has opening 90, and can form a magnetic gap 43 on that protection-from- 
light object 22 and Au can be used for it as an ingredient of the protection-from-light object 22, metallic 
materials, such as Ag and aluminum, are sufficient as it. 

[0047] In addition, the protection-from-light object 22 may form the same flat surface as the magnetic 
pole section 83 so that nothing and the magnetic pole section 83 may be surrounded. Thereby, since 
opening and a magnetic gap 43 are formed on the same flat surface, each process tolerance can be 
raised 

[0048] Drawing 8 (a) - (f) shows the modification of opening 90 and a gap 43. Drawing 8 (a) is the 
example which formed the size of opening 90 somewhat more greatly than a magnetic gap 43, and 
opening 90 is mainly widely formed in the record upstream A of a magnetic gap 43. For this reason, 
since a magnetic-recording medium is heated just before the field in a magnetic gap 43 is impressed and 
record is made in the place by which the temperature up was carried out while being able to enlarge the 
output of a laser beam comparatively, heating can be done efficiently. 

[0049] Drawmg_8 (b) is the example which the raised bottom of trapezoidal shape was made to counter 
at the tip of ****** 83 , and narrowed gap width of face, and, thereby, can make the temperature up 
section of a magnetic-recording medium narrower than gap width of face. In the magnetic pole point 84, 
although it is usually difficult for a periphery to stop a recording width by breadth and its leakage field, 
and for a field to narrow recording track width of face, since a recording width is stopped by the 
approaching space light decided at intervals of a gap 43, according to this example, it becomes more 
recordable [ high density ] by it. Moreover, a gap will be formed in the direction parallel to the recording 
track of a record medium, and it can record, eliminating the mark recorded previously, and, thereby, 
high density record is attained. Moreover, if it allots as the gap was rotated 90 degrees, a gap will be 
formed in the direction perpendicular to the recording track of a record medium, and since a recording 
width is stopped by the approaching space light decided at intervals of a gap 43, it will become more 
recordable [ high density ] by it. 

[0050] Drawing_8 (c) is the example in which the minute metal body 91 smaller than the size of opening 

90 was formed into opening 90. Thus, by forming opening 90 on the same axle to the minute metal body 

91 even when the size of opening 90 is as minute as 1/10 of the wavelength of laser, propagation light 
can be emitted, and the reinforcement of a laser beam can be increased. Moreover, by the main minute 
metal body 91,' approaching space light can be scattered about, or the approaching space light emitted 
from the plasmon excited in the minute metal body 91 can be used for the temperature up of a record 
medium, and it becomes possible to use the laser beam of high intensity further. 

[0051] Drawing J? (d) is the example formed so that phase opposite of the magnetic pole points 84 and 
84 of a pair might be carried out, thereby, can process more minutely a magnetic gap 43 and the 
magnetic pole point 84, and can narrow the field impression range. Opening 90 may be greatly formed 
so that this magnetic gap 43 may be included, and it may be formed inside a magnetic gap 43. The 
record range can be further narrowed by these and densification becomes possible. 
[0052] Drawing_8 (e) and (f) form opening 90 near one side of the magnetic pole points 84 and 84 of a 
pair, carry out the heating temperature up only of the magnetic-recording medium of the magnetic pole 
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point 84 neighborhood, and suppress the temperature rise around magnetic pole point 84 another side as 
much as possible. The field of the gap perpendicular direction under a magnetic gap 43 (it is 
perpendicularly to space) serves as max in each magnetic pole point 84, and the direction of a field in 
each magnetic pole point 84 turns into an opposite direction mutually. Therefore, some record media 
along which the one direction of that field passes can be heated, the optical assistant magnetic recording 
of a minute field becomes possible, and densification is further possible with this configuration. With 
this configuration, since a field uses only the perpendicular part to a record medium, the magnetic pole 
of the method of a single electrode is formed substantially, it is suitable for especially record of a 
vertical-magnetic-recording medium, and record of a minute field is enabled in a vertical magnetic 
recording. 

[0053] Since [ which was mentioned above ] according to the gestalt of the 6th operation the size of 
laser beam 10b becomes about 90 opening while the same effectiveness as the gestalt of the 5 th 
operation is acquired,-izing of the heating field can be carried out [ detailed ], and heating of those other 
than the record part of a record medium can be reduced. Moreover, since it is reflected by the protection- 
from-light object 22 and the laser beam of parts other than opening 90 contributes to laser except for 
drawing 8 (b) at return and laser oscillation, efficiency for light utilization can be raised. Moreover, by 
opening 90 and magnetic gap 43 both superposition, since a record section can be limited, a minute 
record mark can be formed and densification becomes possible rather than it carries out independently, 
respectively. Moreover, by opening 90 and magnetic gap 43 both superposition, since only the part in 
which a vertical field exists is recordable, the optical magnetic head suitable for record of a 
perpendicular magnetic medium can be constituted. 

[0054] The optical assistant magnetic head which starts the gestalt of operation of the 7th of this 
invention at drawing 9 is shown. The gestalt of this 7th operation has the protection-from-light object 22 
which has opening 90 at the outgoing radiation edge of optical waveguide, the magnetic circuit (not 
shown) which has two magnetic gaps 43a and 43b on the opening 90 of the protection-from-light object 
22, and the coil section (not shown) which detects independently change of magnetic flux which carries 
out incidence to two magnetic gaps 43a and 43b, respectively. 

[0055] Drawing 9 (a) has common magnetic pole section 83a located at the core, and individual 
magnetic pole section 83b located in the both sides, carries out magnetic pole point 84a of a core in 
common, and forms magnetic pole point 84b in right and left through magnetic gaps 43a and 43b. 
Although it has two coils of the coil section independently, a core core is connected to common 
magnetic pole section 83a, and the simplification of structure is made. The laser beam which the 
protection-from-light object 22 has the single opening 90, and is outputted from the single opening 90 
irradiates both magnetic gaps 43a and 43b at coincidence. Since the gap section which can modulate a 
field independently carries out 2 phase approach by this configuration and it is formed, record and 
playback can be performed to coincidence to two recording tracks (not shown) which adjoined each 
other using this component, and the transfer rate of record playback is doubled. In addition, not only two 
but the thing further increased according to an application is possible for the number of a magnetic gap. 
Moreover, a magnetic gap may be formed on field luminescence mold semiconductor laser. In addition, 
the protection-from-light object 22 may serve as an electrode at this time. 

[0056] Drawing 9 (b) is the modification of drawing 9 (a), forms two openings 90a and 90b on the 
diagonal line at the protection-from-light object 22, and arranges magnetic gaps 43a and 43b in the 
upper part of two openings 90a and 90b. Thereby, the size of Openings 90a and 90b can prescribe a 
record section, and micrifying of a record section and densification become possible. 
[0057] Drawing 9 (c) is still more nearly another modification of drawing 9 (a), it forms two openings 
90a and 90b so that the protection-from-light object 22 may be countered, and it arranges magnetic gaps 
43a and 43b in the upper part of two openings 90a and 90b by the magnetic pole section 84 according to 
four individuals. Thereby, the degree of freedom of the configuration of a magnetic circuit can be 
increased. Moreover, in order to carry out phase opposite and to arrange two cores (not shown), it is the 
modification for which it is suitable especially when applying to field luminescence mold semiconductor 
laser. 
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r00581 Drawing-10 shows the optical-magnetic disc equipment concerning the gestalt of operation of the 
8th of this invention. The magnetic disk 101 with which this optical-magnetic disc equipment 100 has 
the vertical-magnetic-recording layers 103, such as Pt/Cr, Surfacing transit of the motor 102 for rotating 
a magnetic disk 101 and the vertical-magnetic-recording layer 103 top is carried out. The 1st which 
performs record and playback in the vertical-magnetic-recording layer 103 thru/or the same optical 
assistant magnetic head 104 as the gestalt of the 7th operation, The swing arm 105 supporting this 
optical assistant magnetic head 104, The voice coil motor 106 for scanning a swing arm 105, The digital 
disposal circuit 107 which processes a record signal at the time of record, modulates the laser beam of 
the optical assistant magnetic head 104, and reproduces recording information using the signal on the 
strength [ optical ] from the optical assistant magnetic head 104 at the time of playback, It has the 
control circuit 108 which controls a motor 102 and a voice coil motor 106 at the time of record and 
playback. As the optical assistant magnetic head 104, the thing of the gestalt of the 1st operation can be 
used, for example. 

[0059] Semiconductor laser is arranged on a swing arm 105 or suspenders 109. Moreover, 
semiconductor laser is optically connected with the optical fiber to which it shows a laser beam. 
Suspenders 109 have the spring force of giving fixed surfacing height in the self- weight of a head 104, 
and balance with the surfacing force. 

[0060] The approaching space light to which outgoing radiation of the laser beam by which intensity 
modulation was carried out based on the signal input was carried out from semiconductor laser, and 
outgoing radiation was carried out from outgoing-radiation edge 5c of optical waveguide 5 in this 
configuration at the time of record is micrified by the approaching space light micrifying means, carries 
out incidence to the vertical-magnetic-recording layer 103 arranged directly under the, the record layer 
103 heats, and information is recorded by the field 44 which flows between magnetic pole 40a and 34a. 
Moreover, at the time of playback, the magnetic-reluctance sensor 3 detects the reinforcement of the 
field from' the magnetic-recording layer 103 (refer to drawing 1). Moreover, it is necessary to move onto 
the recording track (not shown) of pinpointing on the record layer 103, and to carry out the tracking of 
the light which carried out outgoing radiation from the head 104 at the time of record and playback. The 
position control by the drive of a voice coil motor 106 performs this. That is, the address information of 
a magnetic disk 101 is read, and after driving a voice coil motor 106 and moving a head 104 near 
[ predetermined ] a truck with the driving signal formed based on the information, a predetermined truck 
is made to follow minutely by the drive of a voice coil motor 106 and beam-spot scan mold 
semiconductor laser. . 
[0061] According to the gestalt of this 8th operation, the optical small and lightweight magnetic head 
can be used for record and playback of a magnetic disk, and it becomes possible to offer the disk unit in 
which the optical assistant magnetic recording and playback of high-speed record and playback, high 
density, especially high volume recording density are possible. In addition, the head itself and since it is 
small and lightweight, this whole head may be made to drive by the piezoelectric device (not shown), 
and minute tracking may be carried out. 

[Effect of the Invention] Since according to this invention approaching space light can be micrified and 
the heating field of a record medium can be made small by forming an approaching space light 
micrifying means in the outgoing radiation edge of optical waveguide as explained above, high density 
record is attained. Moreover, since outgoing radiation of the approaching space light is efficiently 
carried out from the outgoing radiation edge of optical waveguide and it is recordable by low laser beam 
reinforcement, efficiency for light utilization and dependability can be raised. 
[0063] Moreover, since heating of a magnetic-reluctance sensor can be reduced, the sensibility of a 
magnetic-reluctance sensor is not influenced of heat, but an SN ratio is high at high-reliability, and a 
super-life becomes possible. 

[0064] Furthermore, since small, a light weight, and the optical assistant magnetic head that can form a 
minute light spot can be used, the optical assistant magnetic disk drive in which high density record is 
possible can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The sectional view of an optical assistant magnetic-head longitudinal direction [ in / about 
the optical assistant magnetic head concerning the gestalt of operation of the 1st of this invention / (a) 
and / in (b) / the A section ], the side elevation which looked at (c) from [ in (a) ] arrow-head R, and (d) 
are bottom views. [ a front view ] . 

[Drawing 21 (a) - (e) is drawing showing the optical waveguide concerning the gestalt of operation of 
the 1 st of this invention. 

[Drawing 31 (a) - (e) is drawing showing the outgoing radiation edge of the optical waveguide 
concerning the gestalt of operation of the 1st of this invention. 

[Drawing 41 It is drawing showing the optical assistant magnetic head concerning the gestalt of 
operation of the 2nd of this invention. 

[Drawing 51 It is drawing in which (a) shows a front view and (b) shows the outgoing radiation side of 
semiconductor laser about the optical assistant magnetic head concerning the gestalt of operation of the 
3rd of this invention. 

[Drawing 61 About the optical assistant magnetic head concerning the gestalt ot operation ot the 4th ot 
this invention, (a) is a front view and (b) is important section detail drawing. 

[Drawing 7] The end view by the side of a laser beam output screen and (c of the sectional view in 
which (a) shows the principal part of the optical assistant magnetic head about the optical assistant 
magnetic head concerning the gestalt of operation of the 5th of this invention, and (b)) are plans. 
[Drawing 81 (a) - (f) is drawing showing the laser outgoing radiation edge of the optical assistant 
magnetic head concerning the gestalt of operation of the 6th of this invention. 
[Drawing 91 (a), (b), and (c) are drawings showing the laser outgoing radiation edge of the optical 
assistant magnetic head concerning the gestalt of operation of the 7th of this invention. 
[Drawing 101 It is drawing showing the optical-magnetic disc equipment concerning the gestalt of 
operation of the 8th of this invention. 

[Drawing 111 It is drawing showing the conventional optical magnetic head. 
[Description of Notations] 

1 Optical Assistant Magnetic Head 

2 Surfacing Slider 
2a Back end side 
2b Air bearing side 
2c Crevice 

3 Magnetic-Reluctance Sensor 

4 Thin Film MAG Transducer 

5 Optical Waveguide 
5a Incidence edge 
5b Taper section 

5 c Outgoing radiation edge 
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6 Magnetic Disk 
6a Record layer 
6b Substrate 

7a Approaching space light 
7b Mode 

7c Collimated beam 
7d Output light 

8 Aspheric Surface Mirror 
8a A condensing field 

8b Reflective film 
8c Plane of incidence 

9 Optical Fiber 
9a Core 

9b Clad 

10 Semiconductor Laser 
10a Barrier layer 

10b Laser beam 

1 1, 1 lc, 1 le Metal membrane 

11a Opening 

1 lb The piece of a metal 

12 The Polarization Direction 

13 Opening 

14 Minute Metal Body 

21 Coil Section 

22 Protection-from-Light Object 
22 23 Insulator layer 

24 Core 

25 Coil 

25a Lower coil 
25b Up coil 

26 Insulator Layer 

27 York 

28 Lead Wire 

29 Pad 

30 Spin Bulb Film 
31a, 31b Electrode 
32a, 32b Insulator layer 

33 Lower Magnetic-Shielding Film 

34 Up Magnetic-Shielding Film 
34a Lower magnetic pole 

34b Lower York joint 

40 Up York 

40a Up magnetic pole 
40b York section 
40c Up York joint 

41 Magnetic Circuit 

42 Thin Film Coil 
42a Drawer section 
42b Pad 

43, 43a, 43b Magnetic gap 
44 Field 
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50 Dielectric Film 
51a, 51b Metal thin film 

53 Flat-Surface Mirror 

54 Aspheric Surface Mirror 
60 Substrate 

80 Cladding Layer 

81 Core Layer 

82 Cladding Layer 

83 Magnetic Pole Section 

83a Common magnetic pole section 
83b Individual magnetic pole section 
84, 84a, 84b Magnetic pole point 

85 Gap Section 

86 Si02 Flattening Embedding Layer 

87 Insulator Layer 
90, 90a, 90b Opening 
91 Minute Metal Body 

100 Optical-magnetic Disc Equipment 

101 Magnetic Disk 

102 Motor 

103 Vertical-Magnetic-Recording Layer 

104 Optical Assistant Magnetic Head 

105 Swing Arm 

106 Voice Coil Motor 

107 Digital Disposal Circuit 

108 Control Circuit 

109 Suspenders 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/13/2004 



Page 1 of 6 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 21 
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[Drawing 4"| 




[Drawing 31 
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(54) C^WO*IW ^Tv'XhJSB^^y h*R£tf£7->XH8tj?t7VX*gB 



(57) [S»] 

«»x-r x * gi^sits n t & a w tt *. 

CO*7i/7 hfiga^-y K 1 tt, »±X 
&tH*f-r*3fc#&i&5£, emjS*x-tr>-y-3 t. i»KS£ 

5 c tcia»»jt*«/Mb-rsfc»©HJp 1 1 a sr^rrs 

&JRK1 ltEil/TW*. */MbanfciE«*#K:«fc 
*OttU»K:J:01SK*©fiTUfc»»O*«W3 4 a. 
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(2) 

/ 

mm±zy-(yizskrtt>n. *m&i<— 9->6©u— 

if ft £ tB £ ttS*f T 5 ft«iftS§ £ . 

fiE### <s, ©we y ftfc=fc o mtiftmrn 
ss © wib m mm \z mm ■& n& ifiss*3t s a 'Mb t t Art a 

SftTvT. h«B^\-y H. 

IS ft <=> *1T i £ t S WMt t f % m #31 1 IB* © ft 7 > 

)B)«StlTl>4itS1*tit4SI*ilEi©Jt7v' 
7. HBSCvy H. 

nfc*jR»<t *«ati»* c t *w*<fr*w*s 1 IB 

IfflfTvX Ho 
[»*B5] AftB&JHKtt. tfrlBaT^Piffitc^Egsn 
fe-»OMlTSO. 'HE-»0*«*»4. #*t#© 

hfiB^'Vy Ho 

C»**6] ffiB&JKKtt. Ag, A 1 «<7)ffibWft«tt 

SB«CD7t7->X H. 30 

[»*«7] ffiB&JHIKtt. SfrIB«^mah^>XT ; a 

— 0-©««iHii&©-a.*«ij*-r* z. t zftwit-rzsm 

a4fBK<»^T->7, HfiBJa'Vy H. 

fl««*ru i»EJBffl»H;:KW-&n. yjtss 

St UTflMEtHtf*** 6 ttSW $ 5 9 - &* *.& Z. t * 
#a£T£W#«lE«©ft7->X hil^7 H\ 

*<fr*»*«8E*©3t7'>'^ hSI'Sy H. 
'Vy H. 

SI 0E«©ft7->7. hfflgS^y H. 

[»**i33 wiB^m«. mmxmfc&nnrxit so 



2 

yyy Ke*tt?&R«tt#ie«j$3'n«£&ettit& 

T4»#S1 lffifcOftTv'* haSJAv H. 
1 4 ] lWEiaS*»fS#g:tt. 

K. 

1 5 ] WaB^/hM-ti. ittJffiftgft&©WEffiW 

E®©ft7->7. hm^y H. 
[M&g 1 6 ] flME»/hfi-tt. AftBft3&&©ffiBttft* 

©ftTvX h«SC\y Ho 
Ho 

-T^^r 7 7"li, -E-©** •y7 p tc:ait^^(6l^WBB® 
«E#©B» h 9 -y * C¥ffift8 =t 5 fc»j«Sft&J: <h 
&»*£T*SI:JMI1 4Et©3t7->7 hSfflt^y H. 
[»*fll9] WEa^M-tt, i£«LTES$txAc2<@ 

7 9 0ffiSI!!fl:o«3g H ? y 9 fcSitttt* J; 5 f*ffi*fi£ 

snfcct*»*t-r4it*flii 4tatro^7->x h^ 

a^'y H. 

2 0] WEifi«UTEBSnfc2fl©«/hjt 
« . -Ha ^-'n* v <y S m jSL £ T 4 S tifHft 

BflA.y Ho 

[»*S2 1] E««t**#-r45*-fXi^©I5ietcJ:o 

x??±^ff -r 4 fi*±x 9 -f y t . 

■tf3tt*lHWj«^6j»EB»«t#(ciiHtUTa9BE*«E# 

^#^ £ toT*ffi^B^-r4^emH9>x5 : i- 

WEBJl^ty/tt. WE3tti»«!6©WEHi»*©U- 
#Itt57t7yX Ho 

[»*«2 2] mmm%*yy7\t.. &mmyt&£.mo 
<r>yt7i/7, vmm.^y Ho 

2 3 ] WIEBa^t -y ^tt. hUBBS<«^©B 

T-5li*«2 lB*©7t7->7> Vm.%.*\y Ho 
[»**2 4] MB«flH?iryytt, HtBB®!«^©B 
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3 

K. 

iWHEtt*Sg&tt. HBt»#U- ifjfc&oiltlBU-- tfft 
•y K. 

W«fr*»**2 8E«©7fc7->X h««A-.y K. 
[M*«3 0] WBfi#l^-1ftt. Ui#tiBfC*'MJBP 

'<h*#®i-r^>li*^2 lE«©ft7->* h««^y 
K. 

LTX-T >^T-AiC<t0 7t7vX hffiSffs-y K£j£3fc 
T. 

WEftTv* Ktt, ME^-fT.^©^^ 

fcr"f Sft^KSSi:. MrC**#U— fl*36»60lttS!l/— !f 



(3) 

4 

M3 3] mmx'f >{fT-&&zwmm&±* 
v— tfw&H 6 n. 

[3£iE©fiMfflfcift9n 
[0 0 0 1 ] 

io [^^©IT5gfi»S] *fgBJ!te. ft7->*h«Sk\ 
[0 0 0 2 ] 

[«E*©«ffi] ifi*. A-HB«E»81 (HDD) © 
E»ffiflEtt¥*l 0 0 %"Cti7cUT*3 0. H^gPiT 
«. 6 0 Gb ps ifS^.5l;lot^?>. L#>U S 

20 X.. 1 0 0~3 0 0Gbps i *5ffi#tf bnr^^. 

[0 0 0 3] CCT, ia#«ttS»*ttt. ttlCfig&f&E 

cnti. l/-1fft©!#.MK<£0E®!lg#£*a.U-®S 
[0 0 0 4] i©7t7->X NJKaESfCfe^Ttt. U- 

gffcfCtfigT&S. 1 0 0 G b p s i R±OE*jSS4 

40 %7i/7. hffi.mm • ff^-y Kil/T, tfiJAtf, 
'N-y KK3t*jfl[»*flia!Ufct>©dt»6nT^* (Te 
ch-Dig. Optical Datastorag 
e 2000, PD-23 (2000)). 
[0 0 0 5] HUH. -t©fi£*©3t«£A-.y K*S 
"T. ^©5t7vX hiS^'v-y K 1 «, S±X5-f5'2» 

ffl ^fcfiSMffi*i-k >-9-r^C*?*» CM R (Giant-magne tor 
esistive) -fc>+r3<!:, IlIIh7>Xfa-t4S 
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5 

Wiinil^fC.tDSB^-r-SfccOT'^'S), 2bll 
X7^7'J >^ET*0. «SUE»Ji6 a±£i*±j£fT 

■rs. 

[0 0 0 6] 

L J: 5 tTSR*] b^L. fie*<0ft7-> 
*7*a-tM <fc©fflfCGMR*>1t3 £EBUfc«J«T 

?^-v4(T>m%3r*v-7<?>®.m.fimtix^z>fctb. ft 

o eax* 6 a sin** 

inxlliig h 7 >xt^— tf a <r>w.%.* \ v Xgsro 

ffi.mzJ:r)W.mTZ>CLfr<b> Zr<Dffl<DffrMmz£K)fia 
U— tf ft©fi|ffl5e4 WIK A -6 i W -5 ffljg 

[0 0 0 7] £fc. ^Sfe6fe*5^l:ft5fc«. 15® 

^wrtfo^-r^ti^ffljia***. setc U— tfft 

lZ£-oTGMR-t>-y-3tffiUl&-Zft J $>-?<. GMRt> 

[0 0 0 8] Z\<T>ytT*s7, hm&'W Ktt. Jt* 

«Krt©U>Xfw«tOH{*:S (V'J v » 
gajfeftSfToT^S**, E©Jfift:£ttT«, 3701 
W*CD#fctt/h$&ftX#-y L^U 

ffeU-f (M4 0 5 nm) 

£*<is#-c* o . wisatciHer* caps*****. 

[0 0 0 9] i®*7y7hia'S.yt < m ft 

«, #«E®&gfiagfcR«-e* 0 . cn^lSTt* 
[ooio] «e^T. aMswaeww:. *««ih***"T 

fiBM^-y h**5cfctfft7->X H^r^X^gt^lffit 
[0011] 

ttbti. — tfa»6©u— yfttmit Justus* 



(4) 

?z>ytm&&t. flina¥w#u— tf*»6rowi5u— tfft 
ft$s?&-eE&-c#s. 

[0 0 12] *3fi9itt. ±EBW&ilj*-*-.5fcJ&fc:, IB 

±7.^-r^<i:. wiBf?±7.7'T^'(c^tte,n. *m&i< 
— y> 6 © u-if ft ■£ ttss**^ b ttjEE^ig&tc mm u 
TifiE»K#«aitt53ei»!St. WEf¥±X7-f 

y t » It 6 n , WIE U — tf ft t «t o T SO Jft * tlfc WEE 

20 it«*E®-r'5>«^^ih7>XT : i— y-<h*«A, m 

M=ft -y Xte. HtfEft^ftSScoWEtBW^© k— *? 

mt-f sft7->?; hi^A7 K*««-r*. c©«rittc 

±0. ac«*ft©ffiBfc»«Ka ^>^fa- tHcJ; 

«*ftk:«toTiiijR$n*<tisi«#xttBat:ffi»sn-6 
[0013] *»B^tt. iwcswsariE-rsfcfttc e 

5f7->XhfiaT-fX^8Ii:*l,iT. s9Eft7->7. 
hSSSl'VyKtt. MUtx 7s{?(Dmfri<z£^TW±.l£ft 
t^i?±^7^^t, MIB#±^5-f ^fciRttsn. * 

mfe u— tf © v— tf ft£ ^ fflwr*ft»« 
40 s§i. we^^u— y->b©mrEi/— tffttc^owE 
ftWjfi^rowisaiWjsBc^jacsnfcissswftsa/hftL/ 

TWEES^fCttSWL. WEE®IK^*Jnl?»-r?.jfiSl 

«ft«/Mk*ftt. WE^±x7<ytc^tte.n. we 

ifi»«ft»/Mb#a»C«koTSaJ»sn)S:ifBEffi»«l#© 

se» * E»r -s ivmesi; h 7 > x x a - it t * « 

^Ac^<h$^m<!:T^ft7->X h®»x^X^S«^ffi 
#rf -So ^<7D^(c=fcO. /hS. 6*. ^o. Sa/hftx 
^•y hco^fig^*Bl^^ft7vX h««^y h*A*ttffiT 
ifiSS©ft7->X hm»x^7.i7gB^fIf*f S^ 

so 
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[0014] 

i%w<z>nm<»Mm] mi u> ~ (d) *%w<d 

iwiig (a) «, ieehi. (b) «, a as its ft 

7->7> hfiSm^-y Hfi^^lSlCDWSIgl^ |1J0 (c) (i. 
1^0 (a) ^CD^enR^^I^b^fefflffill. I^EI (d) 

[0 0 15] CCD)t7yXM^7h'l(t 1^0 

(a) \Z=%-$ &o\Z, ^±7.7^^200^® 2 a(C. 

ra-1t4i$*iL, isim (b) (C^T=fc?S^ t"6# 

5 warn*® 5 cizmfcz nzmmmytw-f xzm 
'MtTzmmcDfflu 1 1 a^*^$nfe^s^ 1 1 

SUfcfc 5„ ccDft7->X K 1 tt. r? 

±X5-f ^"2 00335 2 c S#t5I7^7'J >^®2 b 
(C<fc9. fiS^x-C 7.^7 6 CD3S1& 6 b±lzMf&ZtltzW.%. 
IB^S 6 a±*S*±^fTbT«a8B«H6 a (C^UTlt 

T. »±*5-f y2©«*:&filK:*5^T#±*7-r ^2 

[0 0 1 6] emffiK-tr>+)-3«. ^^TtiS^WGM 
R (Giant-magnetoresistive) ^rfflt^T&O. IH@ 

(b) tC^TJ^fC, Xtf>A'Jl/^13 0i. Xhf>A* 
J^I3 0l:MSnt£*-#fflil3 1 a, 3 1b 

(fcfcU (^0 (b) (C*3^T. «13 1 ate, «ffi3 

AVUXIBI3 0*5ctt^m@3 la, 3 1 b©pJfli|{C^fi£$ 
nfc*6iftM3 2a, 3 2bt> iiI3 2a, 3 2b£ 

mts£.5izMrfzt<ntti : umis.>'-)i\ t m3 3&cfctf± 
as«a->-;VHi»3 4tzm*-. xt:ww7i3 o t 

— y- 4 © ~ra a - ? s *^ax n -5 . 

[0 0 17] Il!8Ih7>^Ta-t4(l IU0 
(b) K*-t=k?K, ±gB«M4 0a, 3->7SB4 0 
b, ±«3-^ft^»4 0 c^6ft4±«3-?4 0 € 
T«a-^«^BS3 4bi:±«a-i'*^*4 0 
c <fc*tt£f -SitlCfcO. ±a5«a->-;i/K«!3 4* 
«kO^t«3-?4 0a>Sfc4»aC|5|»4 B 
^(eISS4 1 tM^T^J:5(cWMa-r;U4 2 £#H!U 
TBBi8S3 4 a£-kgBf&ffi4 0 atOBCia^ty^ 
4 3£mj8.Vfcb<DT-3bZ>o t£&. mm (b) , (d) 
(C&l^T. 4 5 a, 4 5b(j;iSit$5, 
[0 0 18] »«3-<;U4 2<OffiJ»tt. (c) (C^ 

•TJ;^tc. •tn-€ f n5l*UIl/»4 2 afccfctfASy H4 2 
bjWBrisSftTisD, Ay K4 2 b^&fKlftdn^KR 
n<;U4 2(C?Jitn^*?Jit(Cjt0iIbT«^^ J Vy7 P 4 3 tC 
»#4 4*«5fi£U ^-CDGSIM 4 (Ccfc D&fCKIilf 6 a 



(5) 

^^tcti, n±mizmmz£zMi&<D%>m : $:mm-r?>fz 

46 (C. «ftffift-fe >-tf 3 tt, ft7->X hKjJ'Vy H lffl 
fft*C»jfc1-*i:J;H. WICioT, aBtiJI 6 a ©Jn 

[0019] HI 2 ( a ) * b ( e ) «. ftg&SS 5 ©P 
io ttSjjVT. ft«i£g&5te, S i Nft>ea£Sg«#R5 0 
£. 6f«#R5 0©±TI:lt3nfcAg^5fti*I 
»15 1a, 5Lbi*5*«Sn4. 

[0 0 2 0] 0 2 (a) fc*-r#*»i&5©BI«#IK5 
Ott. A#tJ»5 a*»6«C3^n>«T¥ff»C»riEanT 

©x-A-g&5 bSr^TL. &mmm5 l a, 5 1bt>» 
t#«5 0tH«O»«SIb. jtiT3 0nmfiSS 
•T*. SI«#IK5 0 £&JK?g0t5 1 a, 5 1b©J¥$ 
tt. fnfn50nra. 30nmtS5. $Ac. if® 
20 ^1115 la, 5 1 b<DMVmmmzLTh£l<\ 

7©*-^ (HEn^r-K) 7 b©6bjg*flJ*.-5;i£# 
mZT— A-S55 b©&Jl»$l5 la, 5 1b© 
(65113 4a, 4 0affl(i,k0fet<L/tlr>5fflt, 

ft^&ss 5 tc ck&fi&joegm 6 a ©inii&sfcsa&i** 

y X 4 3 ©*BJ; 0 < T ^> C t * ^> . 
[0 0 2 1] ^M*R5 1a, 5 1b<DttMt 

LTtt. Ag©gA\ A 1 ^t*®«tt©iS5^t)»*i, y 

[0 0 2 2] Z\<Dffimz£Q. 5 CO A»S 5 a 

to *>6A»LtU-f*tt. ft*$t?S5|*l££*U x- 
A-gP5 bT»7t^n. tBW«5 cA>Sifi««3fc7 a 
tBWT?)o 7t^&SS5F*3T'tt> B2 (b) fC* 

T=fc5tC, ^SS15 1 a, 5 1 bti5lfl:<*:a5 0CO±t 
#»K*iHT, ^ffi{C«^3SS5^-r^)«SDX7X ; &> 
^E-K (HEt-K) 7b^lg$n5. CCO^E-K 

ytmmm5<nmm-^-(XizMLxtiy b*7&mrz 

3t«^8S5COi(s*5j;^J¥SSifeSU(, 
Tfc«*T : b^!^S§5rt5S!l^J:<e»T ! ^^), 
[0 0 2 3] fc*. 3fc#8M&5tt, 



*$H82003-45004 (P2003-45004A) 



(6) 
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[0 0 2 4] 02 (c) tC^-T^SifigS 5 \t, ftgftSS 

mtD^mnms i b£R*#iR5 o^jtwcco^jgj&L 

4 3»C«tO«5iSS-&*CiA<1?#5. ifij&ilft 7 
ate&JS3ll!l5 1 bffl|-C*^:ifi««!:«:S©**JFSL/^. 

[0 0 2 5] 02 (d) fc*-r3fc#tt»5tt. ffttttM 

5 0 4L?«CU ^g&{c¥BS^-5 3£J£fiEUTA 
»«8 5 a^6A*fr-&U— !t'3tS¥l5 7-5 3 (C<fcD 

9 0£fttf-3=fc?(CL/tt>CD-(?;&&. Cini:J;0, 'S-y io 

[0 0 2 6] 02 (e) t*r3t*»K5tt. 0 2 
(d) (C^T¥E5 5-5 3CDf^t>0(C. 3l7ttt£WT 
5«IS7-5 4 4«iMlfct)fflT«. 0^U 

-5 4fcJ:oTS^$n> *JttjSA^iS«*3t7 a#ffi 
ASni, CtlfCtO, 5 L -A"-g|5 5 bttL(C*7t-f-5 

[0 0 2 7 ] b^U ±sBW^^{CckoT^fi£$n-5Lti 20 
5 c -?C07.#-y hgte. 1±H-lf^i£:g©2#<73 1g 

3fccotii2;ft@K:f9!tt5&ga<&'5. 
[0 0 2 8] 0 3 (a) fr<h (e) «. «/hBf D 

•y- :&fma#, ig&co&jistsi 

[0 0 2 9] 03 (a) tt. JEJgCDRn 1 1 a*«»js83 
1 2 a«JEJB<OgjaK s Ffr<2:&* J: o \z V— tt'Tt^AWT 

[0 0 3 0] 03 ( b ) H. &JSft 1 1 b £tii#t^ 5 c 

[0 0 3 1 ] 03 ( c ) fi, 11c, 1 

1 c <Z)±Jg£#fa £-t+TKUfcfc COT CC02&CO 40 

11c. 11c Sfig»-r4iR^©«Jtt*|fil 1 2 
S2«!ffiMIllc, 1 1 c ^rStW^ck^JcET^^ 

tfcto. -e-n^nco&jga&i 1 1 c . ncTSigsn 

[0 0 3 2] 03 (d) tt. 03 (c) ©MiOEI 

«9o«f6i/fct»o-p»5^. 03 (c) tmm<r>m 

[0 0 3 31 03 (e) tt. Ii^*l0 3»roita so 



*«H»CD&JR«(1 1 e, 1 1 e £ft&CO$fcSs&PI±£ffi 
2f LTM^fcco-Cfc-S. 1S#SSC3^© 1 tft-S 

[0034] z.<Dmi<Dmm^mm<D%7^7.hm% / \ 

3tttCJ:0. «S«2»Ji6 a<Z)«/jN«»©lnr»**"IliBi:* 
a, 4 0 a^b»Itll#4 4 (Cj; 0 Ci^T 
St-fe>1t3C«t*«^fl**<pri)6t«:a. %7=s 

mmizh&m-tzzttf-zg, mnmm^z^^mm 
<n&wz$$.c<btL%tzist>, mmmommftmizftrntz*. 

#a*%*ifti&5©tti»«i5 c {cgBHLTm#tftco*# 

[0 0 3 5] 04«. *2©*|fi©»IB{w«*3t7''>X 
bSgS^-y C©3t^7h'lll 

LT. ^7t-<A*9 t. I)tffi8al:gWl8b«f 
MLfc^7X«veft5^J}!l5 7 - 8 tCfi^ti-* ffl 
tr>fct>C0T&-5. t"^^^. }£77.'fA9©379ai: 
Ufcn*** l/-1f/i>bffl¥fTt'-A7c atASff 
ft7r-f A*9©tB*^7 d£#i*ffi = 7-8©* 
7tB8 atCct07t^&Sg5cDA»t«5 a(C»7t-r^>. £ 

eittf 5 y K 9 b 1 0 0 « mT* O . #J*ffi 

5 5- 8 %>-tntrae«o-y-f XfcaniT* c ta^ine 

^tl(Cj;oTf?±X7-r^2 ©*SiW3 0 0 u 
m(CMLT. 3#JJ«LS£C0i«aK:«l*.SCia<T* 

[0 0 3 6] mtc. 3t7r-f tfJtSrAlt-r* 
fc»©*«-C , »*##flcU— !f (0^-tir-f) tt, 7?±7. 
^2±(3SHS-r?>o Cltl(C=t0. 7t7yX«^ 

■y k 1 cDfflffi*> e w— y3tA**^"iiie<t i* 0 . Ttr ->x 

y-m^y K 1 cotM'X£/h3<T-5 

43, !ftt. Jt7->A KS^y H 1 Sr^JtL 

T ^ "f ^> a6 co 7. -f > y 7 - A * -5 ^ 1 1 it X ^ > -> a 

[0 0 3 7] 0 5tt. *f£W<Dm3<DnmaMmz%Z> 
Jt7->^ h«U^ry KS^T. PIB (a) «, 3Effi0, 
1^0 (b) fi, tfcotHStiBS^-rHT?**. 
Z\<D%7"s7. hm%^y K 1 fJ, 0 2 (d) iC^TfiiBg 



ft Bfj 2003-45004 (P2003-45004A) 



(7) 

// 

(CiS^T. ¥W#U-tf 1 0*Jte*«K5<BA»»5 a 
(Cit^LfcfcWT&S. *i»#U— tfl OOSttJil 0 
a©+l-fXH 2X0. UmggTi&S^ f^ftU 
-If 1 0 rtg&TcAfgS^- h'0^-fX«2~3nm§g 
StJC^oT^S. — 3fif. 5 atM" Xtt. 3X 

0. 1 1 MmTfe-5fca6, -^ntT^T Settle. * 

tf i orotb^fietcp^p 1 1 a&^Tz&mm 

1 1 ffltS. illl 1 tz£.r)¥m#ls—tfl Ort 
MP1 1 alt if 1 0 fc# bta*S#^. 

-r. i o aw^xzxmm&sw^x 

(3X0. 1 1 wm) izm^^ZtlZ^D, *«ifeSfk 
•fcAtpIABifc*. UiJfi»5cK:*/hH!n 1 1 a£ff*e£b 

tts^ns u— y^roiM e c/hs < r-s £ tot 

[0 0 3 8] *&W0>9i3 0>Mte<r>&m\Zto&]tt7i'Z 
»«Jt»C«tO. i&IOEIiJf 6 a «0«/h«»OlnJRA«pTDg 

[0039] B6(t *%ww'm4<nmm<Dmmiz&z> 

JtTz/T, KfiB^A-y KSr^cU [SI0 (a) teIEB0, |b] 30 
0 (b) tt£8M¥IOB|-?&%. Z\<Dft7~>Z h«MA 7 

tf 1 OcDffittJI 1 0 a*^m»S*lfcU-if3t 
«. ^I5 7-8-CS»Sn, 5 \zMfrtl 

z>. yem^5<D±\zmmmn.hy>x : fiL— v-4tm 

5<0ttJJ)fi8 5 c CjR/MBP 1 1 a fcfl&SL-fc&IMI 1 1 

— y-*7t(»-y-rx$-$b{c/h$<-r'5c:i:^T€. n$& « 

[0 0 4 0] 0 7 11 *%WW^5C0HiS<D^SIfC^4 
ftTisTs K&^A-y K£*U 1^0 (a) «7t7->Xh 
KO±B«B**-r*fiBH. f§10 (b) ttU— tf 
7ttB^ffifliJOT«ffi0. HH(c) tt±B0-e^€>. £0) 
?t7->^ hfiS^-y K lte, ft^i£S§5<t:. ^iSS§5 

[0041] ftg&sssta. so 



/2 

tf. *«6 0©±K:»j5E3nfcS i 02^5«> KH8 0 
i. S i 02$7V KJi 8 0©±l:MJnfcS i N3 
7I8 1t, SiN37I8U15J:5l:MSnft 
S i 0 2 ?7-y Kg 8 2 <fc. •tO±KJgJ«SnfcS i O2 
¥Sfl:**i&*Ji 8 6 Lfrz>l3.Z>. 

[0 0 4 2] IIigh5>Zfa-1}-4(t A-7D 
'f«©«tattt#A»5a:*372 4. 2 7 

7^4 3 6Wt5I«0B4 1t. 1IIhI§4 1®37 
2 4(C#[HlSn£::3-f ;U2 5 (2 5 a, 2 5 b) . 3-f 
;U2 5a, 2 5 b^S-tn-^nffiffif*— *tO'J-h'i» 
2 8 . i5 =fctf-*f<7) U - K* 2 8 ©jfess^-tn-fnKtt 

ZtltzKy K2 9*»6«J«Sn, 5 <£>±ffitC|g 

[0 0 4 3] JfclC. t£7-->* h«3lAy K 1 <D»ia#ffi 

^. S i 02**^ft*»*BI8 7tC«tOS|ififl:*ff 
^»f£(C«ffl£fiBfi; h7>Xfa- y-4 

TSBn-r;P2 5 aS^5»^'j>^Wjy^57-f 
fc«fc0#JSU 2 3 Kit) 

£?T^. Cu»e6:5372 4. ±g|53-f ;U 2 5 b 
*5<fctK3-i7 2 7 «J&ftgg 2 6 iZMSb&A.'ZJ&f&TZ. 

c«ct^^L.T3-r;ua5 2 i^^p£-rs„ 

»Hi«*Ji±»C. £tH9$8 3MlMt7 7*4 3SX/1 
-y*U>^fccktfU V^^tciOfl^U #*Sg<£> 
^«©3tT->X hl^7 K 1 S^JBKT*. effi^8 3 
«> ^fii»^^cil*&)^ i ^-C ! Pi#co*ffi^|^-¥DS<!:?S^J; 

[0044] z\<Dm5<nmfa<nwm<nmft$:i$lw 
is, cstfttt. y-*7t 1 0 b tm^m^.mmmi$- 

m-vn. i>-*f%i 0 b©+r-rxtti*KiHi8snT^fc 
^„ u— y-*3t 1 0 bcoBs.^icio, u— tf^i 0 bw-y- 

fi$ (l^T r^^-y^ilij iVO, ) til^^^-yX4 

3®fi^ (k*t r^^-y-7*ftj tt^p. ) 

[0 0 4 5] ±SBbfcSB5©||Jfi©»ttJC«tntf. 3tt» 
feSS5tC»PiSmK7>Xxi— y-4CD^A"yXa58 5 
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XM»9icA<rLT>e><fc<. sfc, ieii-T-^{ig(cisiw 

tt. I/— •fftrox^l^-a^Sitf* UJ 

lg=ft7^4 3 1 OftmSKti^ 

n«TtMiS3ST#^i:i:fc(C. fi3«3$8 3 CD4e£l2:< f 

». n«tt»c#iHi-r*«^K:Jt^T3-<;ufise<'r* 

SOT, «5t«tn:**6-r^t*«T?**. lot, 

[oo4 6] @8it *mm<D&6<Dnm<ni&mz&2> 

JtT^T, bm^y boytmfc&Wtittffi&niT. Z\<D 
KTz/X bW.fS.'w K ltt. 3tt«&te0tiJttJH(;:MP 9 
0«tt5iM2 2e§ritU 2 2CD±tC 

ISI^t 7 /4 3 51 S£l/fet)©T$ C . jg^2 2<7) 
Wtltll AuSfflH5Ci:A«TfS*«. Ag^A 

i iro^lWtwu, 

[0 0 4 7] fife. »3tfl£2 2tt. effig|58 3 tm~W- 
SSrfcU ««BR8 3£HtJ«fc'3K:flg|«LT*>«fct>. - 

So 

[0048] 0 8 (a) ~ (f) tt, SP90i^t7 
^4 3©»l$*t. 08 (a) tt. SP9 0©1f-f 
X^l^t7^4 3«t0t>-[Hl0^:#<»*UfcWT? 
£0, HP 9 0(4. 7^4 3<0E*±8i£tt 

[0 0 4 9] 08 (b) it, MmW8 3©3fc38K:fcffiM* 

+ y^4 3©HIIH-Cfti*ifiSS«>tfC«tO. RSMgLiMU 



(8) 

14 

*y 0SlHieUfc=fc5(CiH-rSd:> 

tciO. E»«J&<ffli;t5*i5fc«>. «fc D »««0>fE»a« 
[0 0 5 0] 0 8 (c) te. fflP 9 0 tCF^P 9 0(7) 
io 5. ^©«fc5CMa9 0&«/h*JR#9 lt»URI«ll± 

[0 0 5 1 ] 08 (d) (J. -*f<0««5teS8«8 4, 8 

20 i^t7^4 3R&mm9eMB8 4^jz*)wm\zjjax 

T#, eilWbnteHSS*** MP 9 0 

14. £©«S**y74 3£^tr«fc3K;fc*<#jScLT 
fc<fc<. i^«&**y:/4 3©rtflJKHMfcUTt>«fc 

[ 0 0 5 2 ] 0 8 ( e ) , ( f ) te. -*KB««$fciH8l5 
8 4. 8 4<D--fi<n&mizma9 0£KW\ 

«»8 4#iSO««aH»«t#<D**H«»#jftb, ftW© 
^S5t^^8 4Haroa«±#S'T?# - *«tt«Iit*t)© 
3o T**. ««4 £ 1ry^4 3 TO^v 7***1*1 (MW 
CSil]?Pl) ©«#tt. -tn-C f n<0««5t*«8 4K:i3 

40 tt4. 

[0 0 5 3] ±i£Ufc*6©|||fi©»l8JC«tntf. 15 

jti o bco-y-f x#wp 9 ogit^i)^, uni*®^ 

Sui«f5. Sfe. 08 (b) Zffe^TMn 9 
5ui*itf5. Sfc. HO9 0iiI4 : t7^4 3S 
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[0 0 5 4] 0 91C. #5B9i0>SS7 cOSlJiScOJgilfir^S 

«. 3tt*ft»©a»aitcBiip 9 o&&-rz>mx&2 2 

£. >Sft&2 2^P9 O±K2O0>«&:*Y y7°4 3 
a, 4 3 btt-?Z>Wmmi$k (H^-ttt 1 ) £, 2 5ffll 
M^t7/4 3a, 4 3 bKAWf *aSW>SEfl:£-€-n 10 

[0 0 5 5] 09 (a) fit. H»-ttCte«1-**ii«ai« 

8 3 at, *©Mfl!l»Ctt«-r*fflgiJ«ffi»8 3bt$t 
L. WOS15t«SI!8 4a4*Il:l,t, 
^t7^4 3a, 4 3 b£tf-LTfi8ffift«gB8 4 b ZB 

jSCDffi^fk^^nT^S. iS5t#:2 2«, J*— ©MP 

9 0*<rb. m-©BBP9 0^6tB^$n-5^-if^ 20 

u. s*©iaft7y4 3a, 4 3 b&mmizm$i-r 

*. CcoflffijctCcfcO. Sfiifca^SrSEWCSi^ry^ 
T. ffiB8Sbifc2t30)lB»h5y* (m^ti-T) fit*fb 

mmizmm • s^^ff ^ut^f. Ksw^coteitu 

[0056] 0 9 (b) fit, 0 9 (a) <D%.BMT*& 
0. jg7t#:2 2 t*f^^±(C2 0<7)^P 9 0 a, 90b 
£ffi5fi£U 2Offl|P90a, 9 0 b <D±mzm%.*r* 

7^4 3a, 4 3 b*iaebfct>«-e*^o cnfiij: 

O, £g«MHP9 0a, 9 0 b©U-fXtS!tt 

[0057] 09 (c) ft. 09 (a) COS 6 (CgiJCDS 
»OTT*0, «ft#2 2(C*tfa-r&cfc?tC2O<0P!P 9 
Oa, 9 0b£fl£fi£L. 4 ^cOdgiJcoffligB 8 4 (CJ:o 
T2O©P?D90a, 9 0 b <D ±mzffi.%.=>r r y ~f 4 3 40 
a. 4 3 bSEHUfcfeO-CftS. cnfitiO. B«[bI 

[0 0 5 8] 0 1 0 fit. 2M69i0£ 8 0>$gMW>»ffi»C« 

10 0(1 Pt/Cr ^cOgjEGB^fB^Jf 1 0 3 £WT 
*«fc5*-f 7.2 10 1i, IMf'fXi' 1 0 1 SEHgf 
Z>tz6b<D^-5> 102t, Sjta^aBSg 1 0 3 ±£7? 
±*6frbT. 1 0 3 \z$m ■ n±£ft? so 
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Kl04£. ZHDytTisT, y h* 1 0 4££x. 5 

7.-f >{fT—& 1 0 5 t. X-f >?T—A 10 5 
-r-Sfca&cotf-f ^ 1 0 6 fEfi^firfiiSe 

g«^$551L, TtTvT. h^'N-y K 1 0 4Ol/-1f 
3tt*aSWU R^BtfCfiJftTv'X l-HBaAy h* 1 0 4* 

SSl0 7<t:, IBS • ff^Bttc^E-^ 1 0 2 X3-f 

1 0 6 zm'M-tzmffltEi'&i 0 8 t&mz.*. 

)t7->Xh^7n0 4tUTH *1© 
[0 0 5 9] ¥m&U— tffii. 1 0 5& 

fC^ic$tlT^-S>o U-^>^10 9ll "\-yKl04 

[0 0 6 0] ^ fil 43 t,:>T. IBIiBttCfiJ. fg^A^I 

izm-i^T&m&mz.nrz \s-*?yt&*mw v— <=> 

TK:IlBSft£Sia«£WB»B 1 0 3 tAStl/T. jEflt 
I10 3SHIIRI/. B4f4 0a, 3 4 a NUcttnstt* 

seats io3*5 ©«»©«flE*«affist-fc >+r 3 \Z 

ft. ^ y K 1 0 4*>5ttl*tbJfcJtt«raEJMi 1 0 3 ±©«r 

^ 1 0 6<OB»C«t*fiC«fW«C«t0ff 5. 
iar^X?10 1«7H^«[«*tt*»0. ^COlt 

-^106 <^|g»UT^-y H 1 0 4€:RlT^<7) byyftf 
ifiK»»Sl*fc«. *-fX3i'^i-^10 6i:k'-A 

CO h5--y^*jifieSl+-5 < . 
[0 0 6 1 ] dcom8co*Sgco^fcJ;nfif. 

^•SaT^^fcJO. :©A7 HiftMf «f (0^ 

[0 0 6 2 ] 

[%B^co?i*] tt±»i5ibfc«t5fc. *^B^(Ccknfii, 
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[00633 s/t. «afiK-fe>-s-©ioi»S:fi«-e#* 
•ctttrsNjt3j«*<. a***<niii6tite«. 

CO 0 6 4] Hfc. ftS. h 

<£>Jg»*#nTl|g&7£7>'7. MSBSK'Vy Ka*ttJflT?£*><0 

[0B<Z)lBi¥ftia9§3 

[013 *«W«)JBl©*Jfi©»StlK«S3t7''>^h« 
aAvHKHL, (a) I2IE9H. (b)ttABBlC*5tt 

(a) tt»®55aJR*|6l^6Sfc«ffiBI. (d) (il£E0 

[0 2 3 (a) ~ (e) «. *369i<Bm 

[0 3 3 (a) ~ (e) *3fi9i0)aS 1 <Dfgifi©JB* 

[0 4 3 *^Hjw^2«*^W^flilC^^^7->X hS£ 

[053 *«W©»3©^i(S©JgJ8t;«S3tt7'->^h« 
SAvKCHU (a) «IEffi0< (b) ^;i¥3^#^- 
[0 6 3 ■*9mo>m4<Dnti&<Dj»&tz& t z9£Tv'X bm 

[073 *&w<nm5(Dnffi<nMmjz&z>ytT>>zbM 

n.s\vb\zmL. (a) «7t7->X h«a^y KOil 
SBS*-r»ffi0, (b) ttU— tf^Hi*ffifl!©aiffiH. 
(c) lii:IlT*5, 

[0 8 3 (a) ~ (f) «. *?B9!<Z)!g6(a£;ttg>Jt?ffi 

[093 (a) , (b) , (c) «, *»BJ©m7coH 

[0103 *%Bfl»|g8(7)||J6»0§|(c«^7te^5 :: 'f 
7.i7SMS:^-r0t ! $.-5), 
[0113 fie*<Z)Jtt«f5'\y K*3jtr0T?**. 

[?5F#roittK3 

1 ^7^M^7H 

2 S±X7^^ 
2 a IgiSffi 

2b I7^7U>yi 

2 c DflgB 

3 «afitft-fc>1i- 

4 «|h7>Xfa-1t 
5 

5 a AWS$ 
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5 b t— 

5 c amis 

6 fig^T^X? 
6 a aagkJI 

6 b Stg 

7 a iE»*3t 
7 b h* 

7 c ¥ff tf-A 

7 d tB7J7t 

io 8 **BS7- 

8 a jftftffi 
8 b £*fR 

8 c AMI 
9 

9 a 37 
9b 9 v v K 

1 0 aMMtW-U' 
1 0 a ffittH 
10b U— tfft 
20 11,11c, lie 
11a WP 
1 1 b £Jgtf- 

1 2 

13 ffln 
44 .«/h&Kft:< 

2 1 n-f jwg|5 
2 2 

2 2, 2 3 ttftlK 
2 4 37 
so 2 5 ;i/ 

25a T«3'f;U 
2 5b ±3Bn-f;i/ 

2 6 

2 7 3-^7 
2 8 'J-K* 

2 9 A*-y H 

3 0 Xtf>A*;U:f|g 
3 1a, 31b 

3 2a, 32b 

40 33 twbjks'— ;n«ii 
3 4 ±SBm^->-;uh"« 
3 4a T3B«« 

3 4b T«a-^«^as 

4 0 ±gB3-^ 
4 0a ±gBB£ffi 
40b 3 — 

40c ±SS3-^S6^W 
4 1 fi^HSS 
4 2 fla-fjl/ 
so 42 a 3l£tBbSG 
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4 2b K v K 

43, 43a, 43b Il^fv^ 

44 mm- 

5 o mmtim 

5ia, sib &mmm 

5 3 ¥ffi$7- 

54 mms.?- 

6 0 mm 

8 0 i^-yKH 
8 1 371 
8 2 

8 3 Ms SB 
8 3a 

8 3b mmmmu 

84, 84a, 84b MMftmU 



10 



*0 

8 5 

8 6 si oiw-mtmsbihZhm 

8 7 mmm 

90, 90a, 90b MP 

9 1 fg/h&Mft 

100 ttH&C5^**gtt 

101 flB&x-rX* 
1 0 2 ^-^ 

i o 3 ms.rn.mmm 

104 ^i/XM^v K 

105 X-f>^7-A 

106 ^Xn^M-^ 
1 0 7 fl}#«LSIe[B 

1 0 8 *iJffll|HlS§ 

i o 9 vx^o? 




(a) 



,5o 



50; 



/ 



51a.51b-- / W-5b 



45c 



40b 7a 



6a ^44 43 



2D 45a 45b 




30 34a 



7a 



id) 



5a 



[EI 2] 



(c) 
5c 



51a 



5 



-51b 

-50 
^5c 



7b^ 



50- 

5 c' 



7a 



5a ^ 

50^ ^ 





-3 



7a^ 



Ce) 



7c 



5a- 



54 



SO' 



5c 7a 



[05] 



(a) 




10 



(b) 



10a -^r 



-11a 
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